Neither the supernatant nor the precipitate fraction obtained from sonicated streptococci produced streptolysin S, but the combination of both fractions restored the ability to produce streptolysin S. Streptolysin S production by the precipitate required heat-stable and low-molecular substance(s) in the supernatant in addition to maltose and carrier(s) such as ribonuclease resistant yeast ribonucleic acid. The heat-stable factor could be replaced by brain heart infusion (BHI) broth. Moreover, proteose peptone involved in BHI and protease digests of proteins such as bovine serum albumin (BSA) and casein showed stimulative effects on streptolysin S production, but BSA, casein, casamino acids and an amino acid mixture did not. Some peptides having molecular weights of several thousands were required for streptolysin S production by the precipitate. These peptides could not be replaced by carriers and maltose for hemolysin production by the precipitate. Thus, three inducer factors, carrier, maltose and peptides, were required for streptolysin S formation. Peptides and maltose were essential for streptolysin S production in the cells, but not for release of the hemolysin from the cells into the medium, which required the carrier.
Introduction
Streptolysin S is the oxygen-stable hemolysin secreted into the medium by group A streptococci upon exposure to various inducers such as serum albumin, x-lipoprotein, the ribonuclease (RNase)-resistant fraction of yeast ribonucleic acid (RNA) (so-called .active fraction, AF), or certain nonionic detergents) 1-3) The entire moiety of streptolysin S appears to be a polypeptide having molecular weight of about 3000, which binds to the inducer agents and transfers from one agent to another.4,5) Bernheimer,6) and Bernheimer and Rodbart7) showed that the formation of streptolysin S occurred at the resting stage in a simple, chemically defined medium, which contained maltose and MgSO4 besides AF in a phosphate buffer.
Ginsburg and Grossowicz8) reported the presence of a cell-bound streptolysin S which caused lysis of erythrocytes on contact. Schwab,9) and Taketo and Taketo 10.11) reported the formation of the hemolysin in the cell-free extract of streptococci and showed that the hemolysin was stabilized by the addition of AF. In this system, maltose was required for the intracellular production of hemolysin, and AF was not. These findings suggested that streptolysin S was synthesized in the cell and was released into the medium by the addition of AF. Recently, Calandra and his collaborators ' 15) obtained evidence suggesting the presence of an intracellular hemolysin, mainly localized in the membrane fraction, which could be extracted with a solution containing AF, and named it cellular potential streptolysin S. On the other hand, Taketo and Takete) recently reported that streptolysin S was released into the medium without AF. We obtained results suggesting that proteolysis of the cellular precursor to the active hemolysin proceeds before AF-dependent release of streptolysin S.17) In this experiment sonicated cells still produced streptolysin S, but neither the supernatant nor the precipitate fraction alone separated by centrifugation formed hemolysin even in the presence of maltose and AF. The result suggested that some other factor besides maltose and AF was necessary for the formation of streptolysin S.
In the present study, we undertook to find the factor essential for the production of streptolysin S in the supernatant fraction. Consequently, we discovered that brain heart infusion (BHI) involved in the supernatant stimulated the formation of streptolysin S by the precipitate, and proteose peptone in BHI or protease digests of bovine serum albumin (BSA) also stimulated it, suggesting that peptides are the third factor. The precipitate suspended in MPB containing ONF was mixed with additives at the following concentrations. BHI, 18.5 mg/ml; glucose, beef extract, proteose peptone, casamino acids, casein, and BSA, 2.5 mg/ml; a mixture of 19 amino acids, 2.3 mg/ml. An equal volume of synthetic medium prepared as reported by van de Rijn and Kessler20) was added to the precipitate suspension.
Potent Activity of BHI on Streptolysin S Production
Streptococcal cells harvested from BHI medium produced 5-fold more streptolysin S than the cells washed with the buffer after harvesting, as shown in Fig. 1 . Production of streptolysin S by the washed cells was markedly stimulated by the addition of BHI and that by non-washed cells was also stimulated. It was suggested that higher production of streptolysin S by the non-washed cells than that by the washed cells is probably due to the stimulating effect of unknown substance(s) in BHI. The effect of the supernatant fraction on hemolysin production by the sonicated cells (Table I) seems to be also due to BHI contamination in the supernatant fraction. This was confirmed by the remarkably stimulating effect of BHI on streptolysin S production by the precipitate fraction as shown in Table II . BHI heated and filtered by ultrafiltration also showed a potent effect on hemolysin production. The residue after extraction of BHI with chloroform-methanol (2 : 1) had also a potent effect, indicating that lipid is not an activator (data not shown).
Stimulation of Streptolysin S Production by Peptides
Glucose and beef extract involved in BHI had little or no effect on hemolysin production by the sonicated cells, but proteose peptone was potently effective (Table II) . A chemically defined medium, which was developed for streptococci by van de Rijn and Kessler,20) containing amino acids but not proteose peptone, did not affect the production at all. Exp. 1: Streptococci suspended in MPB were sonicated and centrifuged. BHI (18.5 mg/ml), ONF (2.0 at A26o), or pronase digest of BSA (5 mg/m1) was added to the precipitate resuspended in MPB. Exp. 2: Streptococci suspended in 50 mm potassium phosphate buffer (pH 6.8) containing 5 mm MgSO4 were sonicated and centrifuged. BHI (18.5 mg/ml), maltose (2.5 mM), or pronase digest of BSA (5 mg/ml) was added to the precipitate resuspended in the same buffer containing ONF. Peptides are the Essential Factor for Streptolysin S Production The streptolysin S production system in the sonicated cells contained maltose and oligonucleotide. Without oligonucleotide, streptolysin S was not formed even in the presence of maltose and BHI or maltose and pronase digest of BSA (Table IV) . Moreover, without maltose hemolysin was not produced even in the presence of oligonucleotide and pronase digest of BSA, though streptolysin S was produced only with oligonucleotide and BHI, suggesting that BHI contains maltose or substance(s) acting as a substitute for maltose. These facts indicate that maltose and oligonucleotide can not replace pronase digest of BSA. Thus, peptides such as those in pronase digest of BSA are the essential factor for streptolysin S production in addition to maltose and oligonucleotide.
On the other hand, when the precipitate was incubated directly with erythrocytes in the maltose solution, hemolysis was observed without oligonucleotide by the addition of pronase digest of BSA or BHI, though hemolysis did not occur without pronase digest of BSA and BHI, as shown in Fig. 3 . From the results, it is suggested that peptides do not act on the release of streptolysin S from the cell to the medium (like a carrier such as oligonucleotide), but on the production of streptolysin S in the cell.
Discussion
Maltose and a carrier such as RNase-resistant fraction of yeast RNA were required for production of streptolysin S by streptococci suspended in a simple, chemically defined solution.6.7)
The bacteria harvested at the stationary phase showed high capacity to produce streptolysin S.18) However, this capacity of streptococci depended on the culture conditions and was decreased by washing the cells. . In the present study, it was confirmed that constituents in BHI broth, which were washed out partially and removed completely by sonication, were necessary for streptolysin S production. The precipitate fraction obtained from the sonicated bacteria did not produce streptolysin S, but it produced streptolysin S on the addition of BHI, proteose peptone or digests of BSA (Tables II and III) . However, since glucose and amino acids used as nutrients were not effective on streptolysin S production, proteose peptone and the digests of BSA seemed to affect specifically streptolysin S production by unknown mechanisms, but not by stimulation of protein synthesis. From the results that BSA and amino acids had no effect in spite of the potent activity of the digests of BSA, it is verified that peptides involved in the digests of BSA are effectors, and this was confirmed by the elution profile of the digests of BSA on a Sephadex G-25 column (Fig. 2) . Proteose peptone and the digests of BSA were about one-half less active than BHI (Tables II  and III) . Other constituents in BHI may potentiate streptolysin S production, for example, by stimulation of protein synthesis. Although streptolysin S production was enhanced by the pretreatment or treatment of native streptococci with trypsin,16.21) it is not clear whether this production is stimulated by tryptic digests of streptococcal proteins.
The attempts to purify a single active peptide from the digests of BSA were unsuccessful and instead we found several kinds of peptides to be effective. Elucidation of the common sequence of these peptides for the hemolysin production is in progress.
